A number of relevant studies in patients with systemic lupus erythematosus (SLE) have evidenced an association of antiphospholipid antibodies (aPL) with cardiopathy, particularly in the case of Libman-Sacks endocarditis, valvar dysfunction, and valvar thickening [1] [2] [3] [4] [5] . Specific associations of aPL with pulmonary hypertension (PH) 6 , myocardial dysfunction 3 , and ischemic cardiopathy 7, 8 in lupus patients have also been reported. These findings suggest that aPLs are responsible for basic immunological events related to the development of cardiopathy in SLE, and that some cardiac abnormalities may be considered as real components of primary or secondary aPL syndrome (APS) 9 . However, other authors were not able to demonstrate an association between cardiac disease in SLE and aPL [10] [11] [12] . The similarity between valvar lesions detected in patients with primary aPL syndrome and valvar lesions of lupus patients has reinforced the statistical associations observed 9 . Also, the detection of selective deposition of immunoglobulins and complement at valve vegetations of Libman-Sacks endocarditis 9 , as well as the more recent findings concerning the deposition of IgG isotype ACL in the subendothelial layer of heart valves in patients with APS 13 , have consistently suggested a role for immunological disturbances in the development of valvar lesions in SLE.
In the present study, we evaluated the prevalence of 2-dimensional and Doppler echocardiographic abnormalities and aPL [lupus anticoagulant (LA) and anticardiolipin antibodies (aCL)] in patients with SLE in Recife, Brazil, and analyzed the association between the presence of antibodies and cardiac lesions detected.
Methods
Seventy consecutive patients with SLE (67 women, 3 men) being treated either as inpatients or outpatients at the Hospital Agamenon Magalhães, the Hospital das Clínicas-UFPE, the Hospital Oswaldo Cruz-UPE, and the Real Hospital Português, all general hospitals located in Recife, Brazil, were enrolled in this study. All patients fulfilled the 1982 re-2 8 6 2 8 6 2 8 6 2 8 6 vised criteria of the American College of Rheumatology 14 . Patients with a history of cancer, drug abuse, previous rheumatic fever, coagulation disturbances, or that were currently receiving anticoagulant drugs were excluded.
In addition, 42 female volunteers being treated as outpatients in the Gynecological Cancer Prevention Center of the Hospital das Clínicas-UFPE served as controls. All were premenopausal women with no clinical evidence of cardiac or systemic complaints, and no history of cancer, drug abuse, SLE, APL syndrome, or any immunological disturbances. A document of consent was signed by all patients and controls.
The tests for the lupus anticoagulant were carried out with the dilute Russell viper venom time (dRVVT) 15 . Blood was collected in one-tenth volumes of 3.8% trisodium citrate and was centrifuged at 1500 g for 30 minutes at room temperature to obtain platelet-poor plasma. All the samples were frozen in small aliquots at -70° C before testing. The values considered normal for the test varied between 26.6 and 28.8 seconds and were obtained from a pool of plasma samples from normal patients, industrially fabricated (IL Test TM Plasma Control Normal, Instrumentation Laboratory Company, Lexington, MA/USA). Two reagents were utilized for gauging the dRVVT and to confirm the existence of phospholipid inhibitors, respectively: a reagent mixture containing Russell viper venom (< 8mg/kg), antiheparin agent (polybrene) and calcium (IL Test TM lupus anticoagulant Screen, Instrumentation Laboratory Company, Lexington, MA/USA), and another reagent mixture of identical content, except for an additional quantity of phospholipids (IL Test TM LA Confirm, Instrumentation Laboratory Company, Lexington, MA/USA).
The test was considered to indicate an alteration when the time for coagulation of the patient's plasma sample was at least 20% greater than the time obtained for the coagulation of the pool of plasma from normal patients (dR VVT/ dRVVTn ratio > 1.2). In the tests considered to show alteration, the presence of the lupus anticoagulant as a coagulation inhibitor and a cause of the increase in coagulation time was confirmed through the reagent with a higher concentration of phospholipids [16] [17] [18] . A ratio between the time using the low-phospholipid reagent and that using the high-phospholipid reagent equal to or greater than 1.2 was considered positive.
The aCL test was carried out on patients and controls as described previously 19 . Briefly, increasing dilutions of serum samples in a 10% solution of FCS/PBS were applied in duplicate to ELISA plates that had been previously sensitized with 25mg/mL of cardiolipin in ethanol, treated with a 10% solution of skimmed milk, then incubated at 4 o C. After washing the plates with a 0.05% Tween 20/PBS solution, the anti-IgG, anti-IgM, or anti-IgA antibody, together with peroxidase or phosphatase alkaline diluted 1:5000, was added separately for 1 hour at ambient temperature. The reaction was revealed by the addition of ABTS substrate for peroxidase or pNNN for phosphatase alkaline as recommended by the manufacturer. The absorption reading was at 405 nm. 21 . The images for bidimensional studies were also obtained according to the usual standardization 22 . Doppler flow studies and bidimensional imaging were carried out simultaneously. The presence of pericardial effusion, global or segmental contractile deficit of the left ventricle (LV), diastolic dysfunction of the LV, left ventricular hypertrophy (LVH), pulmonary arterial hypertension, valvar thickening, and valvar regurgitation were registered. Mitral valve prolapse was not considered an alteration pertaining to the pathological spectrum in this study.
In bidimensional images, mild pericardial effusion was defined as the presence of isolated posterior effusion, moderate pericardial effusion as the presence of anterior and posterior effusion, and effusion of great magnitude as the presence of anterior and posterior effusion and abnormal excessive cardiac movements ("swimming heart").
The ejection fraction (EF) of the left ventricle (LV) was used as an indicator of the magnitude of the systolic dysfunction of the LV. Myocardial damage was defined as the presence of global contractile deficit of the LV (EF < 0.60), in the absence of clinical and/or electrocardiographic data of myocardial ischemic disease, or both, with mild systolic dysfunction reported when EF was 0.50 -0.60, moderate systolic dysfunction reported when EF was 0.40 -0.49, and systolic dysfunction of a great magnitude reported when EF < 0.40.
Left ventricular hypertrophy was defined as a left ventricular wall thickness of more than 12 mm in diastole. Valvar thickness was measured from the parasternal long axis view and valvar thickening was reported if thickness was 3 mm or more.
Pulmonary artery systolic pressure (PASP) was calculated with the sum of the maximum pressure gradient in tricuspid insufficiency, shown by continuous Doppler, with an estimated right atrium pressure of 10 mmHg, which was considered equal to PSAP in the absence of right ventricle flow obstruction 23 . Patients that displayed a PSAP greater than 30 mmHg were considered to be suffering from PH [24] [25] [26] . The mild form of PH was defined as the presence of PSAP The results were analyzed with Epi Info software, version 6. The data obtained were expressed as mean + standard deviation. The Dopplerechocardiographic morphological findings were related to the presence or absence of antiphospholipid antibodies with the chi-square test. Variance analysis was used to estimate the difference between means. A value of P lower than 0.05 was considered significant.
Results
In the group of lupus patients, the mean age was 33.5±10.6 years (range of 13-65 years), 3 patients being male and 67 female. The mean disease duration time was 5.8±5.4 years (range of 1-32). Sixty-five patients (92.9%) were using corticosteroids. The mean duration of corticosteroid use was 3.4±4.2 years (range of 0.08 to 18 years). Fifteen patients (21.4%) used cytotoxins in the 30-day period prior to interview. The control group, composed of 42 patients, had a mean age of 32.8±6.5 years (range of 19-44 years), all being female. The clinical characteristics of patients with SLE are summarized in Table I .
Doppler echocardiographic abnormalities considered compatible with cardiopathy were registered in 38 of the 70 patients with SLE (54.3%).
Pericardial effusion was observed in 8 of 70 (11.4%) patients with SLE and in none of the controls (P=0.02). Mild effusions were found in 5 of 8 (62.5%) patients, 2 of 8 (25%) having effusion considered moderate and 1 of 8 (12.5%) effusion of great magnitude. No echocardiographic evidence of tamponade or pericardial constriction was found in the patients studied.
Myocardial damage (EF<0.6) was present in 14 of 70 (20%) patients with SLE and in none of the controls (P=0.005). In the lupus patients with myocardial damage, anemia (serohemoglobin < 10 mg/100 mL) in 78.5% of cases (P=0.04) and systemic arterial hypertension (blood pressure > 140 x 90 mmHg) in 35.7% of patients (P=0.51) were detected. Findings suggesting heart failure was detected in 2.86% of patients with SLE. Eight of the 70 lupus patients (11.4%) were considered to have mild systolic dysfunction (EF 0.50-0.60), whilst 5 of 70 (7.1%) displayed moderate systolic dysfunction (EF= 0.40 -0.49) and 2 of 70 (2.9%) systolic dysfunction of a great magnitude (EF < 0.40). The mean measurement of EF of LV of lupus patients was 0.66 + 0.09, whilst the mean for control group patients was 0.69±0.03 (P=0.04). Segmental contractile deficit of LV was found in the echocardiogram to be present in 4 of 70 (5.7%) patients with SLE and in none of the controls (P=0. 44) .
LVH was present in 21 of 70 (30%) patients and in none of the controls (P<0.001). Twelve of the 21 lupic patients with LVH (57.1%) displayed systemic hypertension (PR= 3.33; CI 95% = 1.67 to 6.66; P=0.001).
PH Valvar alterations not related to mitral valve prolapse were found in 5 of 70 patients (7.1%) with SLE and in none of the controls (P=0.07). Minimal aortic insufficiency was observed in 1 of 5 patients (20%), in whom hypertension and LVH were detected. Mitral insufficiency (MI) was found in 4 of 5 (80%) lupus patients, in all cases of a small degree. One of these cases of MI was associated with calcification of the mitral ring, 1 was associated with thickening of the mitral valve, and in 2 other cases the regurgitation was considered functional, associated with dilation of the left ventricle. MI of minimal degree was detected in 2 lupus patients with normal leaflets, and among the control group patients, 4 cases of mild MI in patients with normal mitral leaflets were also registered. These cases of minimal MI with normal mitral leaflets were not considered pathological 4 and were not included in statistical analysis. None of the patients or controls displayed any clinical data that might indicate hemodynamic repercussion of valvar alterations detected on the Doppler echocardiogram.
Lupus anticoagulant was present in 7 of 70 (10%) patients with SLE and in none of the controls (P=0.03). The Table II .
Among the lupus patients with cardiopathy, 4 of 38 (10.5%) displayed a positive test for lupus anticoagulant (P=0.81). In the 3 lupus anticoagulant-positive lupus patients without cardiopathy, aPL syndrome findings were present, that is plaquetopenia, episodes of miscarriage, and evident livedo reticularis of the hands, respectively.
The lupus anticoagulant did not show itself to be significantly associated with the presence of pericardial effusion, myocardial dysfunction, myocardial ischemic disease, LVH, PH, or valvar disease. Similarly, no statistically significant association of the presence the lupus anticoagulant with plaquetopenia, history of miscarriage, or thrombotic events (cerebrovascular accident, deep venous thrombosis, peripheral arterial occlusion, or myocardial infarction at some time in clinical evolution of patients) was found.
The aCL IgG were present in 13 of (18.6%) patients with SLE and in 4 of 42 (9.5%) control group individuals (P=0.30). In the group of lupus patients, aCL IgG were detected in 10 With respect to thrombotic events, it was verified that aCL were present in 9 of 12 (75%) lupus patients with current or previous thrombotic events, and in 22 of 58 (37.9%) lupus patients without these alterations, with statistical significance (PR=3.77; CI 95% =1.12 to 12.77; P=0.04). In turn, aPL were present in 10 of 12 (83.3%) lupus patients with thrombotic events and in 25 of 58 (43.1%) lupus patients without these alterations, also with statistical significance (PR=5; CI 95% = 1.18 to 21.19; P=0.02). No significant association was found between aCL or aPL and plaquetopenia or a history of miscarriage.
Discussion
Lupus anticoagulant was detected in 7 of 70 (10%) patients, showing a frequency comparable to that of other reports in which similar methods were used 27, 28 . In the present study, the presence of lupus anticoagulant did not show itself to be significantly associated with Doppler echocardiographic findings, whether evaluated together or separately. Among 7 lupus anticoagulant-positive lupus patients (10%), 4 (57%) demonstrated Doppler echocardiographic alterations, 2 of them (28.5%) showing PH and another 2 (28.5%) having myocardial damage.
The literature includes reports of occasional observations of lupus anticoagulant-positive lupus patients displaying mitral valvopathy and thrombosis in heart chambers 29, 30 . An association between cardiac damage in SLE specifically 31 who studied data on 74 patients with SLE following an evolution period averaging 22 years. The authors observed 5 cases (7%) of valvar disease in the group of 37 lupus anticoagulant-positive patients and no cases in the same-sized group of lupus anticoagulant-negative lupus patients (P=0.05). No indication of any statistically significant difference existed in relation to the number of cases of pericarditis, myocardial infarction, angina and heart failure, considering a tendency for lupus anticoagulant to be associated with cor pulmonale, a condition observed in 2 lupus anticoagulant-positive patients (3%). Although the lupus patients in the present study had not been selected on the basis of being lupus anticoagulant-positive or not, 2 lupus anticoagulant-positive cases (285%) with concurrent PH were also observed.
Among the patients demonstrating lupus anticoagulant and Doppler echocardiographic abnormalities, 2 also showed alterations potentially associated with aPL syndrome. One of them was suffering from acute arterial occlusion of the right upper member, and another related an isolated episode of recurrent miscarriage. Furthermore, livedo reticularis, plaquetopenia, and another report of isolated miscarriage were registered in the patients with lupus anticoagulant but without Doppler echocardiographic abnormalities. Although no statistically significant association for these findings was found, it should be considered that the relatively low prevalence of lupus anticoagulant among lupus patients results in only relatively large groups of lupus anticoagulant patients being able to consistently demonstrate significant associations of the latter with detection of aPL syndrome 28 . Nevertheless, thrombotic events significantly associated with lupus anticoagulant were observed in the groups of Petri et al 27 , in which lupus anticoagulant was detected in 4 of 60 (6.7%) patients with SLE.
The association of aPL with cardiopathy in SLE has been most commonly reported in studies that include tests for lupus anticoagulant carried out in conjunction with research into aCL, or only the latter. The majority of significant associations found have been related to valvar dysfunctions 2, 3, 5 . In the present study, an association of aPL with valvar dysfunction was not found. Although the low frequency of valvar dysfunctions found here (7.14%) should be considered, other authors did not detect an association between these findings and aPL [10] [11] [12] 32 . Li et al 32 evaluated 50 Chinese patients with SLE and the association of their Doppler echocardiographic alterations with aPL, which were measured with ELISA for aCL IgG. The authors did not find a statistically significant association between the presence and gravity of valvar lesions and aCL, and considered that racial differences might be implicated in the disparity between their results and those of other studies in which patients of Caucasian origin were involved. Although it is not possible to establish a perspective of racial homogeneity for the patients in the present study, who are from a country where racial mixing is a social reality, it is pertinent to consider that racial factors may have an influence on the association of these valvopathies with aPL, as well as on the prevalence of valvar damage itself, in SLE 33 . The frequency of cardiopathy in lupus patients in the present study (54.3%) was similar to that found in other research 5, 11, [34] [35] [36] , with the exception of valvar dysfunctions. We consider it possible that the low frequency (7.1%) and the reduced magnitude of valvar alterations found in the present study are a consequence of an underestimation of the true frequency and magnitude of valvopathy in patients with SLE in the population evaluated, which presents a high prevalence of rheumatic cardiopathy. The possibility of lupus patients affected by Libman-Sacks endocarditis being confused with those with rheumatic disease or subacute bacterial endocarditis has already been pointed out by Gross 37 . In this way, patients previously diagnosed as suffering from chronic rheumatic valvar disease, and being in fact lupus patients with valvar disease, could have inadvertently been excluded from the evaluation. In another study carried out in Brazil, Macêdo 38 observed a higher frequency of valvopathy in patients with SLE, but was unable to find a statistically significant difference between the frequencies of valvopathy in patients with SLE (28.3%) and those of the control group (26%), this being attributed to a possibly high prevalence of subclinical rheumatic cardiopathy in the study's target population.
It may also be supposed that the prolonged use of corticosteroids in 65 (92.9%) of the lupus patients, 51 (72.8%) of them having been using corticosteroids for 12 consecutive months or more, may have contributed to the reduced frequency of echocardiographic detection of Libman-Sacks endocarditis in this study. Through necropsy, Bulkley and Roberts 39 observed a frequency of 18% of Libman-Sacks endocarditis in 36 patients with SLE using corticosteroids, verifying that endocardial lesions were considerably smaller in number and size than those found in necropsy of patients with SLE carried out before the advent of corticosteroid use.
In the present study, a tendency for aCL IgG to be associated with all Doppler echocardiographic alterations taken together (P=0.06) was demonstrated. Nihoyannopoulos et al 4 found an association between aPL and valvar dysfunctions in 93 patients with SLE, and also observed an association of aCL IgG and IgM with all the Doppler echocardiographic alterations taken together. The authors comment on the possibility of cardiac involvement in SLE being measured by aPL, possibly owing to the primary stimulation of the vascular endothelium. A direct lesion of the endothelium produced by aPL, leading to the activation of coagulation factors, consumption of platelets and the formation of thrombi, in conjunction with alterations in the interaction between platelets, circulating proteins, and endothelium in the cascade of coagulation, have been suggested as possible mechanisms for explaining Libman-Sacks endocarditis and other cardiac lesions in SLE 40 . Meanwhile, Asherson and Cervera 9 comment on the possibility that aPL may not be the direct cause of cardiac lesions, constituting simple epiphenomena accompanying References other basic immunological disturbances. Furthermore, aPL could also be activated secondarily by exposed antigens in valve tissue previously damaged by other autoantibodies 41 . In the present study, a significant association between PH and aCL IgG was also found. PH has been observed in Doppler echocardiograms and related to aPL in various studies 6, 25, 42 . The relation between aPL and PH does not appear to be absolute, and its pathogenic mechanisms are unclear 9 . The pathogenesis of PH in SLE has been related to the lesion of vascular endothelium by aPL 43 , and also to vasospasm and Raynaud's phenomenon rather than to aPL 24 . Nevertheless, even though the thromboembolic form of PH may be considered less frequent in SLE than the vasospastic form, in the latter aPL would also be concurrently observed 43 . IgG class antibodies have been more frequently associated with thrombotic events than those of IgG and IgA classes 44 , it being possible that aCL IgM and IgA in the absence of IgG and/or lupus anticoagulant do not represent a risk of thrombosis 42 . Even though it should be considered that PH in SLE might not necessarily be of thromboembolic origin, the detection in this study of an association of PH with aCL IgG, but not with aCL IgM or IgA, is in agreement with the above-mentioned observations.
A limitation of this study could be related to the nonutilization of lupus activity indices for the evaluation of the patients, given that lupus activity has been related to higher frequencies of cardiopathic findings in some studies 10, 45, 46 . However, no association was found between the activity of the disease and a higher percentage of Doppler echocardiographic alterations in other groups of patients with SLE 11, 35 . Another limitation could be linked to the fact that certain marginal forms of PH may be present without backflow through the tricuspid valve, preventing the evaluation of PASP by Doppler. Nevertheless, Murata et al 23 believe that the absence of tricuspid regurgitation on Doppler implies normal pulmonary pressures.
At the moment, no clear explanation exists for the high percentage of aCL-positive control group patients (33.3%) detected in this study. aPL would have a frequency of 2 to 10% of the general population 47 and can be present in various other conditions, such as cancer, drug abuse, acquired immunodeficiency syndrome, and syphilis [48] [49] [50] . In the present study, cancer or drug abuse were not present in the population studied, but syphilis and AIDS, whose identification usually requires serological tests, were not tested for. Future research, in which samples are obtained from a population evaluated for aPL, could also include these tests.
Harris 19 and Harris et al 51 observed that patients with syphilis may be positive on solid-phase immunological tests for the study of aCL, even though the antibodies of syphilitic patients may show a greater affinity for the antigenic complex (cardiolipin, cholesterol and lecithin) utilized in VDRL than for isolated cardiolipin used in solid-phase immunological tests.
In summing up, although no statistically significant association between aCL or aPL evaluated in conjunction with Doppler echocardiographic alterations taken together or separately was observed in the present study, aCL IgG showed a strong trend towards association with the Doppler echocardiographic alterations taken together (PR=1.57; CI 95% =1.05 to 2.33; P=0.06), and were significantly associated with PH (PR=2.92; CI 95% =1.26 to 6.77; P=0.02). The findings support the hypothesis of a primary pathogenic role of aCL IgG in relation to cardiac alterations in general and PH in particular, in SLE and in aPL syndrome.
